Abstract: Objectives. The aims of this study were to test whether the bond strength of a hybrid composite and a PMMA-based veneer to CAD/CAM polymers would improve after pre-treatment and to evaluate the failure types after debonding. Materials and methods. Three types of PMMA-based (CAD-Temp, artBloc Temp and TelioCAD) CAD/CAM blocks were obtained (N = 360, n = 15 per test group). They were divided into four groups to be conditioned with the following methods: (a) no-treatment, (b) airabrasion (50 m Al(2)O(3)), (c) air-abrasion (50 m Al(2)O(3)) + MPS-Silane (Monobond S) + Adhesive resin (StickResin) (for Gradia)/MMA (for Integral Esthetic Press) application, (d) Silica coating and silanization (CoJet-System). The conditioned surfaces were veneered with a hybrid composite (Gradia) or a PMMA-based resin (Integral esthetic press). After water storage (1 week, 37°C), the bond strength was measured. Data were analyzed using 3-way ANOVA and post-hoc Scheffé test ( = 0.05). Results. Surfaceconditioning method, veneer type and CAD/CAM polymers significantly affected the results. Hybrid composite did not bond to non-conditioned CAD/CAM polymers. Regardless of the conditioning method, PMMA-based resin showed significantly higher bond strength to all CAD/CAM polymers compared to hybrid composite. Air-abrasion increased the bond strength in all tested groups. Additional silane application after air-abrasion did not significantly increase the bond strength of hybrid composite. While exclusively adhesive failures were observed between the hybrid composite and the CAD/CAM polymers, PMMA veneer demonstrated cohesive failures in the CAD/CAM polymers. Conclusion. CAD/CAM polymers could be veneered with only a PMMA-based veneer with and without air-abrasion. 
Introduction
The CAD/CAM technology offers the possibility to produce dental restorations by means of numeric controlled machining. Today, as an alternative to ceramics industrially polymerized resins are introduced for dental reconstructions that can be processed with lower expenditure of time and costs [1] . Depending on the manufacturer, such materials are usually microfiller reinforced polyacrylate, polymethylmethacrylate (PMMA) with an organic modified polymer network, filled or unfilled PMMA polymers. The polymerization type has a high impact on mechanical properties of resin materials [2] . Since these CAD/CAM blocks are industrially polymerized under high pressure and temperature, they present higher mechanical properties compared to the conventional polymerized resins [1, [3] [4] [5] . Nevertheless, limited information is available on their mechanical durability with and without aging regimens [1, 3, 4] . Basaran at al. [4] compared the initial fracture load of manually fabricated and CAD/CAM milled 3-unit FDPs where CAD/CAM milled fixed dental prostheses (FDPs) revealed a higher fracture load than manually polymerized ones.
Alt et al. [1] reported that after 3 months' of water storage at 37°C and 5000 cycles thermocycling, polymeric CAD/CAM FDPs showed significantly higher fracture load compared to manually fabricated ones. Stawarczyk et al. [5] tested the fracture load of milled and conventionally fabricated polymeric and glass-ceramic FDPs after saliva storage up to 180 days and after chewing simulation up to 1.2 Mio cycling. The authors observed that aging did not influence the fracture load of FDPs made of CAD/CAM polymers. FDPs made of glass-ceramic showed significantly lower fracture load than those of all resin FDPs. Therefore CAD/CAM polymers could be alternative materials to glass-ceramic for FDP constructions.
At this time, most of the polymeric CAD/CAM blocks are bulk polymeric materials in one colour. When these bulk polymeric materials are indicated for long-term use, their veneering with conventional veneering resins is of importance to improve the aesthetic outcome. Therefore, after milling polymeric CAD/CAM frameworks, they can be veneered using layering technique with PMMA or conventional dimethacrylate resin based materials. To the authors` best knowledge, at present, there is no information available on the bond stability of veneering resins to industrially polymerized CAD/CAM polymers. One of the most common methods to condition PMMA-based materials is the use of air-borne particle abrasion with alumina or alumina coated silica particles followed by silanization, which in principle cleans the substrate surface and at the same time increases the surface area [6, 7] . One other method is the use of adhesive resin to wet the PMMA as recommended for denture tooth adhesion to PMMA [8] . When a solvent, such as MMA monomer comes in contact with a polymer, the surface of the polymer swells because of diffusion of the solvent into the polymer [9] . The diffusion is dependent on time, temperature, type of solvent, and the polymeric structure and glass transition temperature (Tg) of the polymer. Because PMMA-based CAD/CAM blocks are composed of various phases such as polymer matrix, interpenetrating polymer network (IPN), and polymer beads, the swelling of the surface of the block is affected by several factors [9] . Higher diffusion rate of monomers may cause higher bond strength between the CAD/CAM block and veneering resin. In general, the bonding mechanism polymers and resin systems included mechanical and adhesive properties, dissolving bonding and secondary IPN bonding.
The objectives of this study were a) to test whether the bond strength of a hybrid composite and PMMA-based veneering to three polymeric CAD/CAM materials would improve after surface conditioning methods, and b) to evaluate the failure types after debonding. The null-hypothesis tested was that bond strength results using PMMA-based resin or hybrid composite show similar values after all pretreatment methods. Table I .
Material and methods

Three
Specimen preparation
The polymeric blocks were cut (thickness: 3 mm) with a low-speed diamond saw (Well 3241, Well Diamantdrahtsägen, Mannheim, Germany) under water and subsequently embedded in acrylic resin (ScandiQuick, ScanDia, Hagen, Germany). The bonded specimens were then stored in distilled water at 37°C for 7 days.
Bond strength measurement
For shear bond strength tests the specimens were positioned in the sample's holder with the substrate surface parallel to the loading jig (Zwick/Roell Z010, Zwick, Ulm, Germany). The chisel of the loading jig was adjusted and the load was applied at a crosshead speed of 1 mm/min to the interface close to the substrate. 
Results
Mean, standard deviations and 95% confidence intervals of the shear bond strength values of all tested groups are summarized in Table II. Surface conditioning methods (p<0.001) veneering resin types (p<0.001) and polymeric block (p=0.032) had a significant affect on the bond strength results (Table   III) . Hybrid composite veneering resin did not bond to non-conditioned CAD/CAM polymers. Regardless of the conditioning method, PMMA-based veneering resin showed significantly higher bond strength for all CAD/CAM polymers (25.8 -44.2 MPa) (p<0.001) than the hybrid composite veneering resin (0 -8.1 MPa). Airabrasion increased the bond strength of all tested groups (4.9 -42.9 MPa) (p<0.001). Additional silane application after air-abrasion did not significantly increased the bond strength of hybrid composite (5.0 -7.1 MPa) (p>0.05) (Fig. 1) .
While exclusively adhesive failures (100%) were observed between the hybrid veneering composite and the CAD/CAM polymers, PMMA veneer material demonstrated cohesive (100%) failures in the CAD/CAM polymers in all groups (Fig.   2 ).
Discussion
The hybrid composite veneering showed no adhesion to non-conditioned polymeric blocks. Air-abrasion of CAD/CAM polymers increased the shear bond strength for both, PMMA-based and hybrid composite veneering resins. Therefore, the hypothesis is rejected. Air-abrasion principally cleans and increases the surface area resulting in higher bond strength due the mechanical retention [6, 7] . Based on the results of this study, the adhesion between the polymeric blocks and the veneering resins could be mainly attributed to mechanical retention. In the air-abraded groups additional use of adhesive promoters did not increase the bond strength compared to air-abrasion only. This indicated that micromechanical retention was sufficient to obtain adequate results.
The polymeric CAD/CAM blocks are industrially polymerized and present high degree of conversion compared to manually polymerized ones [10] . Since the nontreated polymeric blocks combined with hybrid composite showed no adhesion, it can be stated that free radicals were not sufficient to achieve adhesion between this hybrid composite and the CAD/CAM polymers materials. One study investigated the tensile strength of PMMA-based CAD/CAM crowns bonded using different resincomposite cements to dentin [11] . While air-abraded polymeric crowns bonded using resin-composites presented lower tensile strength values (1.0-2.8 MPa), non-treated polymeric crowns showed values of 0 MPa.
Prepolymerized PMMA materials are also used in removable prosthesis as denture teeth materials. In previous studies, industrially polymerized PMMA-based denture teeth bonded better to PMMA than to composite denture base materials [8, 12, 13] . On the other hand, wetting the PMMA-based denture teeth with a bonding agent increased the bond strength to photo-polymerized denture base [13--15] . In this study, in contrast to the hybrid composite, PMMA-based veneering resin showed higher adhesion to the CAD/CAM polymers. In fact, the PMMA material is a mixture of monomer liquid and polymer powder. Therefore, it is possible that the monomer liquid dissolved the polymeric surface and released free radicals that might have increased the adhesion of PMMA-based veneering. Similarly, previous studies reported that the pretreatment of industrially polymerized denture teeth when conditioned with methylmethacrylate monomer liquid during the processing, yielded significantly higher bond strength values to PMMA denture base than those of other surface treatment methods [16--18] . Other studies reported that the application time of the MMA liquid on the PMMA substrate surface affected the bond strength values [19--22] . The PMMA liquid application time on the substrate surface before applying the autopolymerized resin increased the bond strength [19] . In a previous study a linear regression between MMA wetting time and thickness of the swollen layer for the autopolymerized and heat-activated polymers was observed [19] . In our study, the wetting time of the polymer surface with MMA was 300 s. The used MMA liquid of the PMMA-based veneering resin and for the conditioning liquid used for the CAD/CAM polymers was the same. Possibly due to this reason, no additional effect of methylmethacrylate monomer application was obtained. Other studies about bond between denture teeth materials and denture base polymers reported that by increasing of the polymerization temperature, the monomers of the denture base polymers diffused more effectively into acrylic resin polymer teeth and increased the bond strength [9, 23] . Increase of the polymerization temperature of the used veneering resins may lead to the higher bond strength values to the CAD/CAM polymeric blocks.
Future studies should also assess the effect of long-term aging of the bonded CAD/CAM polymers and veneering materials. In order to achieve sufficient clinical long-term adhesion, the bonding of hybrid composite veneering materials must be further optimized to such CAD/CAM polymers.
Conclusions
Within the limitations of this in-vitro study, the following could be concluded: i) When CAD/CAM polymers are not conditioned, no adhesion was obtained with the hybrid composite.
ii) PMMA-based veneering presented exclusively cohesive failures in CAD/CAM polymers with and without conditioning.
iii) Air-abrasion with both alumina and alumina coated with silica followed by silanization and adhesive resin application increased the bond strength values significantly for the hybrid composite compared to control group. iv) Air-abrasion with alumina particles increased the bond strength of PMMAbased veneering resin to CAD/CAM polymers compared to control group and to that conditioned with silica-coating and silanization. Tables and Figure   Table I : The brands, compositions, manufacturers and batch numbers of the tested materials. 
